Abstract
For an earthquake with a constant moment tensor such that the spatial variations in 25 moment-rate are described by:
The second moments are defined as:
27μ (2,0) = ḟ (r, t)(r − r 0 )(r − r 0 )dV dt µ (0,2) = ḟ (r, t)(t − t 0 )(t − t 0 )dV dt µ (1,1) = ḟ (r, t)(r − r 0 )(t − t 0 )dV dt
whereḟ (r, t) is a scalar function that describes the spatial and temporal distribution of 
where x c is the spatial extent of the rupture in the directionn and L c is the maximum 54 value of x c (i.e. corresponding to the largest eigenvalue ofμ (2,0) ). W c corresponds to 55 the second largest eigenvalue, e.g. the rupture width. The second moments can either 56 be calculated in three spatial dimensions or along a 2D fault-plane if the mechanism 57 is known. To resolve the fault plane ambiguity, we typically invert for the second 58 moments assuming each 2D nodal plane and choose the one with the higher variance 59 reduction as the true nodal plane.
60
In general the characteristic dimensions give an idea of the region that contributed 61 substantially to moment-relase and the relative importance of directivity in the rupture. (1,1) scaled to the distance L 0 . Bottom, The potency-rate for the modeled rupture (blue line). The black circle gives the centroid time, and the horizontal line through it has a length equal to τ c to illustrate the difference between τ c and the total duration. The values for L c and W c are given in meters, τ c in seconds, and v 0 in km/s. v 0 has components in the along-strike direction and the downdip direction. spectral fitting (Silver , 1983) , but in practice the second moments may result in better 70 estimates of rupture area (Chen and McGuire, 2016) . The data loading is done in the script runSJFsetup.m which could be easily modified 86 to match other databasing approaches.
87
The example event is a M w 4.7 earthquake on March 11th 2013 that was recorded by 
Measurements

100
Our approach requires using the far-field body wave data to estimate the moment-rate It is best to experiment with a range of values for your dataset, starting rela-127 tively low (10, 50) and increasing. Typically a value of 100 is a good compromise 128 between seismogram fit and computation time.
129
• f indt2.m calculates µ (0,2) (s) for the ASTF that results from the deconvolution.
130
that you want to include in the calculation. Assuming this is working well, this 132 choice could be omitted (set pickt2=0) and the calculation will be done on the 133 entire range of the time function.
134
The flag DOMEAS lets you choose between either just loading in an example set of 135 measurements or going through the process of making the measurements yourself.
136
In making the measurements, the routine is set to store the current set of measure-137 ments after each station in the file measurements.mat. This is intended to allow you • If you choose to try deconvolving this channel, it will ask you to manually pick with a strong coda, it is often very difficult to pick the end of the interval. These 169 stations will often not work very well.
170
• Once the MS fitting interval has been picked, it will replot this interval and ask 171 you to pick the onset time of the P or S wave.
172
• It will then plot the EGF waveform and ask you for a interval to zoom into. This The "No,done" option will set the DON E variable to zero and this channel will 196 not be used in the inversion.
197
• the script will loop through this process for the rest of the stations
198
Once this loop has been completed for all stations and the DON E variable has been 199 set to 1 or 0 for each the measurement process is complete and saved. 
where s is the slowness vector associated with a particular measurement. See Silver 
where ≥ 0 indicates that the matrix is required to be positive semi-definite.
212
To set up an inverse problem based on equation is the depth of the top of each layer in km. phas is a character array the length of 224 the number of measurements that has either the value P or S for each measurement.
225
This routine calculates the partial derivatives for a 2-D source along a fault specified 226 by strike and dip in the usual convention.
227
If the DOINVERSION flag is set to 1, the runSJFex script will call the function seconds 2d v2.m to do the actual inversion. To solve equation 2 in a least-squares sense subject to equation 3, we recast equation 2 as a linear matrix inequality, similar to equation 3, and solve the system using Matlab's Robust Control toolbox. The leastsquares problem from equation 2 is rewritten ||Ax−b|| ≤ c where c is a dummy decision variable. The problem in LMI form is then given by: minimize c subject to
and   μ
where I N is the identity matrix with dimension equal to the number of measurements, is an implementation of equation (5) where the variable X posvolume represents the LHS
248
:
and X posvolume has been previously specified as a 3 by 3 symmetric matrix composed 251 of the six independent elements of the second moments (for a 2D fault) which we 252 seek to estimate with the MATLAB to solver. The LMI is described to MATLAB indicates the greater side of the inequality) and that this is the first constraint 262 equation (they are concatenated into a block diagonal system).
263
• second and third entries =1 give the location of the next variable in the matrix
264
(e.g., there is only 1,1 in this example).
265
• fourth entry =X posvolume is the term to be added to the location specified in the 266 LMI.
267
Note that a sequence of LMIs such as (6) is implemented as one block diagonal LMI, 268 so the first entry is incremented (1,2,3 
